INTRODUCTION
The transport of four amino acids (Lmethionine, L-phenylalanine, L-lysine and Lalanine) was studied during pH-regulated dimorphism in Candida albicans and its stable, nongerminative variant. The permeases responsible for uptake responded differently to differentiation and the transport activities varied during the course of morphogenesis. An increase in uptake around the time of evagination was observed in all four amino acids in both the strains studied. The uptake rates of L-methionine and L-phenylalanine were greater in fully differentiated hyphae, while the rate of L-lysine was higher in fully differentiated buds. Uptake rates of L-alanine, however, did not show any morphotypic related variation. The possible implication of these transport activities in relation to differentiation is discussed.
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Candida albicans is an opportunistic dimorphic pathogen which evades the host defense system under immunocompromised conditions and causes mild-to life-threatening disease [1] . Among various attributes, changes in its colonial [2] [3] [4] [5] and cellular morphology [1, 6] are important for its success in the host environment. While the colony morphology is known to switch spontaneously [2] [3] [4] , cellular morphology is affected by many factors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Amongst these, nutritional factors have been, especially, studied in detail and N-acetyl D-glucosamine [9, 10] , glucose [11, 12] and amino acids [7, 8, 11, [13] [14] [15] have emerged as the main factors which mediate its morphological transition.
The importance of individual amino acids in inducing morphological transition has been described [11, 15] , however, much remains to be understood in terms of their uptake and its relationship to yeast-mycelial transition. Although comparative studies with morphological variants offer great potential to enhance the present understanding of the differential expression of the genome of C. albicans during germination, such studies have been hampered by the non-availability of stable, non-germinative variants.
In this communication, a few selected amino acids, L-alanine, L-phenylalanine, L-lysine and Lmethionine, were chosen for transport studies, as our earlier work had demonstrated morphotyperelated changes in uptake during pH-regulated morphological transition in C. albicans ATCC 10261 [16] . However, it was difficult to conclude whether the observed changes in transport activities were a manifestation of the external pH or were specifically related to morphological changes. We have, therefore, addressed this question by using a stable, non-germinative variant of C. albicans [17] .
MATERIALS AND METHODS

Organisms and growth conditions
Candida albicans 300 (ATCC 32354) and its non-germinative variant 300 SG were a gift from Dr. D.H. Howard, U.S.A. Cultures were maintained on nutrient agar slants at 4°C [18] and grown in Lee's medium [19] under zinc-deficient conditions [20] as described earlier [16, 21] .
Induction of differentiation
Stationary phase G1 singlets (1.5 x 109 cells), maintained as described above, were induced to differentiate at 37°C into yeast and mycelia at pH 4.5 and 6.5, respectively [7, 16, 21] .
Transport assay
For transport assay, a reaction mixture containing cells (300-500 tzg protein/ml) in 10 mM Tris-citrate buffer (pH 4.5 or 6.5) was taken. The transport assay was similar to those described earlier [16, [22] [23] [24] [25] [26] . The reaction was initiated by adding labelled amino acids (2 /xCi /xmol-1). Final concentrations of amino acid for their uptake were 4-5 times higher than their respective K t values. Velocities were calculated from the linear segment of the time course of amino acid uptake for 195 s, using linear regression analysis [22] [23] [24] [25] [26] . Protein was estimated in suitable aliquots using bovine serum albumin as standard [27] .
RESULTS AND DISCUSSION
Our earlier study revealed that the rates of uptake of L-phenylalanine, L-lysine and L-alanine, amongst a wide spectrum of amino acids, increased during bud formation, whereas that of L-methionine increased during germ-tube formation in C. albicans 10261 [16] . Thus, in the present study we have attempted to delineate further the variation in uptake rates of these amino acids during morphogenesis, using a non-germinative variant, 300 SG, and its parental strain 300. A low affinity and higher uptake system for L-lysine was selected for the present study as it represented a general transport system of basic amino acids ih C. albicans [28] .
Evagination kinetics of C. albicans 300 was similar to those of C. albicans ATCC 10261 [16, 21] and 3153A [7] ; i.e., evagination occurred at 135 min. On the other hand, the slow-growing, nongerminative variant, 300 SG, evaginated at 150 min. The wild-type cells exposed to pH 4.5 formed buds, whereas those exposed to pH 6.5 exclusively formed germ-tubes, but the variant formed catenulated buds at both pH 4.5 and pH 6.5.
The velocities of uptake of all the amino acids showed a similarity in their patterns. There was an increase in velocity for both 300 and 300 SG in the first hour of differentiation, reaching a peak around the time of evagination and decreasing thereafter. That is to say, there was a transitional increase in velocity of uptake prior to evagination.
The velocity of uptake of L-phenylatanine and L-methionine increased during the first 60 min at pH 4.5 and then a further increase in L-phenylalanine at about the time of evagination, when it reached a maximum (Fig. 1A, C) . After 60 min, transport of L-methionine decreased in the parent, while it remained constant in the variant for 120 min, after which there was a transient increase at about the time of evagination. At this time, the rate of transport of L-phenylalanine was similar in both the parent and its variant, whereas L-methionine uptake was much faster (1.5 fold) in the parent. At 180 rain the two strains did not differ in rate of transport of either L-phenylalanine or L-methionine.
At pH 6.5, the rates of transport of both L-phenylalanine and L-methionine increased for 120 min (Fig. 1B, D) . After 120 rain, L-phenylalanine activity increased remarkably (about two fold) in 300, but only slightly in 300 SG. A similar increase in L-phenylalanine uptake has been observed in hyphal forms of C. albicans ATCC 10261 at about the time of evagination [16] . The transport of L-methionine also exhibited a similar pattern. At the terminal stages, transport of both the amino acids was faster in 300 then in 300 SG, suggesting an increase in uptake rates of these amino acids in the mycelial form. This pattern of L-methionine uptake is consistent with our earlier findings in C. albicans ATCC 10261, where uptake was higher in mycelia than in the yeast form [16] . Higher levels of S-adenosyl methionine have also been found in hyphal forms of both C. albi- albicans 300 (*) and 300 SG (•). As described in MATERIALS AND METHODS, cells were induced to differentiate at pH 4.5 (A and C) and at pH 6.5 (B and D). The assay conditions for amino acid uptake were similar to those described earlier [16, [22] [23] [24] [25] [26] . Velocities were calculated from linear plots of uptake up to 195 s, using linear regression [16, [22] [23] [24] [25] [26] . Each point is an average of three experiments + SEM. cans [29, 30] and Mucor racemosus [31] . Recently, effects of methionine on growth and differentiation has also been implicated in Saccharomycopsis fibuligera [32] . Hence, differences in the uptake of L-methionine may be of regulatory importance. The velocities of both L-alanine and L-lysine uptake showed an inconsistent pattern at pH 4.5 ( Fig. 2A, C) . The parental strain exhibited a decrease in transport activity of e-alanine, but an increase in L-lysine uptake around the time of evagination. On the other hand, the activity of L-alanine increased while that of e-lysine decreased in the variant at about the time of evagination. At 180 min both e-alanine and L-lysine uptake were higher in the variant than in the parental strain. To decide whether such differences were due either to pH or to morphotype specificity, experiments were carried out at pH 6.5 (Fig. 2B, D) . At pH 6.5 both e-alanine and e-lysine uptake in the two strains remained fairly constant for 120 min and then showed a transient increase at about the time of evagination. At 180 min, L-alanine uptake was similar in both 300 and 300 SG, while uptake of e-lysine was higher in the variant forming buds than in the parent which formed mycelia at this pH. This suggested a higher rate of L-lysine uptake in bud formation, while the differences in uptake rates of L-alanine were associated with the effects of changes in pH.
In our previous study [16] , L-alanine, L-phenylalanine and L-lysine exhibited a higher velocity of uptake in bud-forming populations, unlike Lmethionine the transport of which was faster in mycelia-forming populations. However, it was difficult to decide whether this effect was due to the effects of differences in pH or morphotypic specificity. In the present study, using a non-germinative variant, it was clear that velocities of Lmethionine and L-phenylalanine uptake were higher in fully differentiated mycelia, while uptake of L-lysine was higher in fully differentiated buds. The observed changes in L-alanine uptake seem to be due to a pH induced effect on uptake rate. The transitional increase in uptake rates of these amino acids at about the time of evagination was also interesting. It is, however, still not clear whether these amino acids trigger differentiation or the increased uptake rates are mere manifestations of the process of differentiation.
